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Uvod2VWHRSRUR]DPRåHELWLMHGQDRGSURPHQDNRMH
VHMDYOMDMXXNRãWDQRPWNLYXXVOHGVWDUHQMD
Cilj&LOMRYRJLVWUDåLYDQMDMHELRGDVHLVSLWDMXSUR-
PHQHXPDQGLEXOLQDVWDOHXVOHGRVWHRSRUR]H
Metod rada..DRPDWHULMDONRULãüHQLVXX]RUFLNRVWL
L]GYRMHQL L] PDQGLEXOD NDGDYHUD %H]XED PDQGLEXOD MH
ELODHNVSHULPHQWDOQDNRVWX LVWUDåLYDQMX8VWXGLML MHSUL-
PHQMHQR  UD]OLþLWLKPHWRGD DQDOL]RYDQMD VWUXNWXUH NRVWL
L] X]RUDND ,]PHUHQH VX DSVROXWQH JXVWLQH X]RUDND 6(0
DQDOL]DLGLIUDNFLMD;]UDFLPDVXSULPHQMHQHXFLOMXLVSLWL-
YDQMDVDVWDYDVORMHYDNRVWLPDQGLEXOD
Rezultati'RELMHQLUH]XOWDWLVXSRND]DOLGDMHQDMPD-
QMD JXVWLQD RG  JFP ustanovljena pri merenjima 
X]RUND EH]XERJ JUHEHQD HNVSHULPHQWDOQHPDQGLEXOH 1D
RVQRYX6(0PLNURJUDILMDXWYUÿHQH VX UHGXNFLMH WUDEHNX-
OD L VPDQMHQMD ãLULQD ODPHOD 6WDWLVWLþNL ]QDþDMQH UD]OLNH
S VX ]DEHOHåHQH XSRUHÿLYDQMHP QXPHULþNLK YUHG-
QRVWL ãLULQD PLNURSURVWRUD X VSRQJLR]QLP SRYUãLQDPD
HNVSHULPHQWDOQLK X]RUDND 3URJUHVLYQR SRYHüDQMH SRUR-
]QRVWL MH XWYUÿHQR X X]RUNX EH]XERJ JUHEHQD NRG 
 L X X]RUNX ED]DOQRJ VORMD NRG HNVSHULPHQWDOQH
PDQGLEXOH 8SRUHÿLYDQMHP SRYUãLQD NRVWL VD UD]OLþLWLP
REOLFLPD DSDWLWD XVOHG L]PHQD REOLND NULVWDOD XWYUÿHQD
MH ]QDþDMQD SRYH]DQRVW SULVXVWYD NLVHRQLND 3 
QD HURGRYDQLP L RãWHüHQLP SRYUãLQDPD NRVWL S
+LGURNVLDSDWLW NDOFLMXPIRVIDW WHWUDNDOFLMXPSLURIRVIDW L
DPRUIQL NDOFLMXP IRVIDW VX VDþLQMDYDOL QHRUJDQVNH ID]H X
]QDþDMQRL]PHQMHQLPPLNURNULVWDOLPDX]RUNDHNVSHULPHQ-
tnog bezubog grebena.
=DNOMXþDN1DRVQRYX UH]XOWDWD LVWUDåLYDQMDXWYUÿH-
QDMHUD]OLþLWDGHJUDGDFLMDNRUWLNDOQRJPDWULNVDLVSRQJLR-
]QLKVORMHYDEH]XEHPDQGLEXOHQDVWDOLKXVOHGRVWHRSRUR]H
.OMXþQHUHþLRVWHRSRUR]DPDQGLEXODEH]XERVW
1D RVQRYX LVWUDåLYDQMD R PHWDEROLþNLP SRUHPHüDML
PDORNDOQRMDWURILMLLSURFHVLPDVWDUHQMDNRVWLXWYUÿHQRMH
GDRVWHRSRUR]DPRåH]QDþDMQRGDRãWHWLKXPDQLVNHOHW
2YDNYHSURPHQHPRJXELWLX]URNSRUHPHüDMDLXNRVWLPD
GRQMHLNRVWLPDJRUQMHYLOLFH
9DULRXV VWXGLHV KDYH VKRZQPHWDEROLF GLVWXUEDQFHV
ORFDODWURSK\DQGDJLQJGLVRUGHUVGXH WR UHJLRQDORU V\V
WHPLF RVWHRSRURVLV  7KHVH FKDQJHV PD\ DOVR DIIHFW
XSSHUDQGORZHUMDZERQHWLVVXH
6800$5<
Introduction2VWHRSRURVLVPD\RFFXULQERQHWLVVXH
as a result of ageing.
Aim7KHDLPRIWKLVVWXG\ZDVWRLQYHVWLJDWHUHPRG-
HOOLQJ RI ROG KXPDQ HGHQWXORXVPDQGLEXODU ERQH GXH WR
osteoporosis.
Mateirals and Methods 2VVHRXV VXUIDFHV RI RQH
HGHQWXORXVDQGRQHGHQWDWHPDQGLEOHZHUHH[WUDFWHGIURP
D FDGDYHU 7KLV VWXG\ LQFOXGHG PHWKRGV RI DQDO\VLV RI
ERQHVWUXFWXUHVLQH[SHULPHQWDODQGFRQWUROERQ\VDPSOHV
RI KXPDQ PDQGLEXODU ERQHV $EVROXWH GHQVLWLHV RI VDP-
SOHVZHUHGHWHUPLQHG6(0DQDO\VLVDQG;UD\GLIIUDFWLRQ
DQDO\VLVRIVSHFWUDZHUHXVHGWRDVVHVVERQ\OD\HUV
Results 0LQLPXP GHQVLW\  JFP RI HGHQWX-
ORXVULGJHVLWHZDVGHWHFWHG6(0PLFURJUDSKV LQGLFDWHG
UHGXFWLRQV RI WUDEHFXODU DQG ODPHOODU ZLGWK 6LJQLILFDQW
GLIIHUHQFHVSLQFDQFHOORXVVLWHZLGWKZHUHUHFRUG-
HG LQ H[SHULPHQWDO EDVDO VSHFLPHQV1RWLFHDEOH LQFUHDVH
RISRURVLW\ZDVREVHUYHGLQRIHGHQWXORXVULGJHVLWH
DQGRIH[SHULPHQWDOEDVDO VLWH7KHUHZDVD VLJ-
QLILFDQW FRUUHODWLRQ EHWZHHQ R[\JHQ SUHVHQFH S 
HURGHG DQG GHIHFW ERQH VXUIDFHV S &RPSOH[HV
RI K\GUR[\DSDWLWH FDOFLXPSKRVSKDWH WHWUDFDOFLXPS\UR-
SKRVSKDWH DQGDPRUSKRXV FDOFLXPSKRVSKDWHZHUH LQRU-
JDQLF FRQVWLWXHQWV FRQVLGHUDEOHPLQHUDOPRGLILFDWLRQV RI
HGHQWXORXVULGJHVLWH
Conclusion %DVHG RQ WKH UHVXOWV RI WKH SUHVHQW
VWXG\YDULRXVOHYHOVRIGHJUDGDWLRQRIFRUWLFDOPDWUL[DQG
FDQFHOORXVOD\HUVRIHGHQWXORXVPDQGLEOHPD\EHREVHUYHG
as a result of osteoporosis.
.H\ZRUGVRVWHRSRURVLVPDQGLEOHHGHQWXOLVP
Promene u mandibuli usled osteoporoze
Changes in mandible due to osteoporosis
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8 MHGQRP EURMX VWXGLMD LVSLWLYDQD MH RVWHRSRUR]D L
UD]OLNHXVWUXNWXULDOYHRODUQLKLED]DOQLKVORMHYDPDQGLEX
OHãWRMHXND]LYDORQDL]YHVQXPRJXüQRVWGDVPDQMHQMH
JXVWLQHDOYHRODUQHNRVWLXVOHGRVWHRSRUR]HPRåHELWL]QD
þDMQR LQWHQ]LYQLMH RG SURPHQDX ED]DOQLP VORMHYLPD WHOD
PDQGLEXOH0HÿXWLP]DUD]OLNXRGYHüLQHNRVWLMXX OMXG
VNRPRUJDQL]PXJXVWLQDNRVWLXPDQGLEXOLPRåHELWLþDNL
SRYHüDQD]DYUHPHVWDUHQMD
0DNURVNRSVNL RVWHRSRUR]D L GHJUDGDFLMD PDQGLEX
OH PRJX QDOLNRYDWL DWURILML NRMD UD]OLþLWR RãWHWHüXMH SRYUãL
QH EH]XEH PDQGLEXOH  ,VWR WDNR QHJDWLYQD UHPRGHORYDQMD
PDQGLEXOH XVOHG RVWHRSRUR]H PRJX ELWL XRþOMLYD QD PLNUR
VNRSVNRPQLYRXXNRUWHNVQLPLXVSRQJLR]QLPVORMHYLPD
0HÿXWLPEH]RE]LUDQDRþLJOHGQHVWUXNWXUQHSURPHQHPLQH
UDOQLVDVWDYRVWHRSRUR]QHPDGLEXOHGRVDGDQLMHLVSLWLYDQ
6WRJD MHFLOMRYLK LVWUDåLYDQMDELRGDVH LVSLWDMXSUR
PHQH X X]RUFLPD NRVWL L] PDQGLEXOH NDGDYHUD QDVWDOH
XVOHGRVWHRSRUR]H
Materijal i metod
%H]XEDPDQGLEXOD NDGDYHUD ELOD MH HNVSHULPHQWDOQL
X]RUDN .RQWUROQD NRVW MH ELOD QHUHVRUERYDQD PDQGLEXOD
NDGDYHUDJGHVXRþXYDQL]XEL
1D EH]XERMPDQGLEXOL VX R]QDþHQH HNVSHULPHQWDOQH
SRYUãLQHNRVWLEH]XERJJUHEHQDLED]DOQHNRVWLDQDNRQ
WUROQRMPDQGLEXOLVXDQDOL]LUDQHSRYUãLQH̛SRYUãLQDSR
DOYHRODUQRPJUHEHQXED]DOQDNRVWLSRYUãLQDSRDQJXOXVX
PDQGLEXOH6OLND
2VWHRSRURVLVDQGVWUXFWXUDOGLIIHUHQFHLQDOYHRODUDQG
EDVDO OD\HUV RI KXPDQPDQGLEOHVZHUH UHSRUWHG   VXJ
JHVWLQJ WKDW GHFUHDVH RI DOYHRODU ERQH GHQVLW\ FRXOG EH
VLJQLILFDQWZKHQFRPSDUHGZLWKPDQGLEXODUEDVDOVXUIDF
HV 0RUHRYHU LQFRQWUDVW WRPDQ\RWKHUERQHV LQKXPDQ
ERG\GHQVLW\PLJKWLQFUHDVHLQROGKXPDQPDQGLEOHV
0DFURVFRSLFDOO\ RVWHRSRURVLV DQG GHJUDGDWLRQ RI
PDQGLEOH FRXOG DSSHDU DV DWURSK\ZKLFK DIIHFWV VXUIDFHV
RI HGHQWXORXV PDQGLEOH WR GLIIHUHQW OHYHOV  0RUHRYHU
QHJDWLYH UHPRGHOOLQJ RI PDQGLEOH GXH WR RVWHRSRURVLV
VHHPVWREHSUHGHWHUPLQHGLQPLFURVFRSLFOHYHOVRIFRUWL
FDODQGFDQFHOORXVSDUWV
+RZHYHUGHVSLWHRIVWUXFWXUDODOWHUDWLRQVFKDQJHVRI
PLQHUDOFU\VWDO IRUPV RI RVWHRSRURWLFPDQGLEOH KDYH QRW
EHHQDQDO\]HG
7KH DLPRI WKLV VWXG\ZDV WR LQYHVWLJDWH FKDQJHV LQ
HGHQWXORXVPDQGLEOHGXHWRRVWHRSRURVLV
Materials and methods
$VDQH[SHULPHQWDOVSHFLPHQDQHGHQWXORXVPDQGL
EOHRIFDGDYHUZDVXVHG7KHGHQWDWHPDQGLEOHZDVXVHG
DVFRQWURO
([SHULPHQWDO HGHQWXORXV ULGJH DQG EDVDO ERQH VLWH
ZHUH PDUNHG RQ WKH VXUIDFH RI HGHQWXORXV PDQGLEOH
$OYHRODU ULGJH VLWH EDVDO ERQH VLWH DQGJRQLRQ VLWHZHUH
PDUNHG RQ WKH VXUIDFH RI WKH FRQWURO GHQWDWHGPDQGLEOH
)LJXUH
6OLND(NVSHULPHQWDOQDEH]XEDPDQGLEXODNDGDYHUDLNRQWUROQDPDQGLEXODDHNVSHULPHQWDOQDSRYUãLQDNRVWLEH]XERJJUHEHQD
HNVSHULPHQWDOQDSRYUãLQDED]DOQHNRVWLPDQGLEXOHENRQWUROQDPDQGLEXODSRYUãLQDSRDOYHRODUQRPJUHEHQXED]DOQDNRVWSRYUãLQDSR
DQJXOXVXPDQGLEXOH
)LJXUH([SHULPHQWDOHGHQWXORXVFDGDYHULFPDQGLEOHDQGFRQWUROPDQGLEOHDH[SHULPHQWDOHGHQWXORXVULGJHVLWHH[SHULPHQWDOEDVDOERQH
VLWHEDOYHRODUULGJHVLWHEDVDOERQHVLWHJRQLRQVLWH
5DGLRJUDILVDQMH MH SULPHQMHQR QD SRþHWNX LVWUDåL
YDQMD)LOPRYL .RGDN70$7*86$ L] LVWH VHULMH VX
NRULãüHQL X UDGLRJUDILVDQMX 257+23$17202*5$3+
6LHPHQV  VHULMVNL EURM  6LHPHQV *HUPDQ\ SUL
;UD\ ZDV DSSOLHG LQ WKH EHJLQQLQJ RI WKLV VWXG\
3DQRUDPLFGHQWDOILOPV.2'$.70$7*86$RIWKH
VDPHEDWFKZHUHWDNHQ257+23$17202*5$3+6LH
PHQV VHULDOQR6LHPHQV*HUPDQ\DWN9S
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NRQGLFLMDPD  N9 L P$ HNVSR]LFLML VHF 6OLND 
0HWRGVYHWORVQHGHQ]LWRPHWULMH7UDQVPLVVLRQ'HQVLWRPH
WHU'7,,(QJODQG5<3DUU\/7'1HZEXU\%HUNVKLUH
7KH(QJODQG8. NRULãüHQ MH X FLOMX LVSLWLYDQMD RSWLþNH
JXVWLQHSRYUãLQDQDRUWRSDQWRPRJUDPLPD
DQG  P$ H[SRVXUH WLPH VHF )LJXUH  /LJKWEHDP
GHQVLWRPHWU\ 7UDQVPLVVLRQ 'HQVLWRPHWHU '7,, (QJ
ODQG5< 3DUU\ /7'1HZEXU\%HUNVKLUH7KH (QJODQG
8. ZDV XVHG WR DVVHVV RSWLFDO GHQVLWLHV RI VDPSOHV LQ
SDQRUDPLF;UD\V
6OLND2UWRSDQWRPRJUDPDHNVSHULPHQWDOQDEH]XEDPDQGLEXODLPHWDOQLPNXJOLFDPDRJUDQLþHQHSRYUãLQHRG]QDþDMDXLVWUDåLYDQMXENRQWUROQD
PDQGLEXODLPHWDOQLPNXJOLFDPDRJUDQLþHQHWULNRQWUROQHSRYUãLQHNRVWL
)LJXUH3DQRUDPLFUDGLRJUDSKD([SHULPHQWDOPDQGLEOHPHWDOEDOOPDUNHUVLQGLFDWHGERUGHUVRIDUHDVRILQWHUHVWEFRQWUROPDQGLEOHDQG
PHWDOEDOOPDUNHUVZKLFKLQGLFDWHGERUGHUVRIDUHDVRILQWHUHVW
3RVOH UDGLRJUDILVDQMD PDQGLEXOH GLMDPDQWQLP GLV
NRP'LDIOH[WUDQVYLGHQW+RULFRGLVFIRUKDQGSLHFH+RUL
FR+23)5LQJOHE	&R*P%+	&,(%HUOLQ*HUPDQ\
XVHþHQL VX XUH]L X NRVWL 'LMDPDQWQR NRQLþQR VYUGOR %
'LDVLQW GLDPRQG EXU 'HQWDXUXP 3IRU]KHLP *HUPDQ\
NRULãüHQR MH SUL RGVHFDQMX X]RUDND VOLþQLK GLPHQ]LMD L]
HNVSHULPHQWDOQHLL]NRQWUROQHPDQGLEXOH
8 FLOMX LVSLWLYDQMD JXVWLQH L]GYRMHQLK X]RUDND NRVWL
NRULãüHQMHSLNQRPHWDU7HþQRVWXSLNQRPHWUXMHELR
EHQ]ROSULWHPSHUDWXULR&1DRVQRYXIRUPXOH¨ȡ ¨P
L]UDþXQDWD MH JUHãND PHUHQMD $SVROXWQD JXVWLQD VYDNRJ
X]RUND L]UDþXQDWD MH QD RVQRYX IRUPXOH ¨ȡ ¨PPDVD
JUHãNDPHUHQMD¨Y]DSUHPLQD
$IWHU WDNLQJ ;UD\V RI WKH PDQGLEOH JURRYHV ZHUH
FXW LQ WKH ERQH XVLQJ GLDPRQG GLVFV 'LDIOH[WUDQVYLGHQW
+RULFR GLVF IRU KDQGSLHFH +RULFR +23) 5LQJOHE 	 &R
*P%+	&,(%HUOLQ*HUPDQ\'LDPRQGLQYHUWHGFRQHEXU
%'LDVLQWGLDPRQGEXUIRUVWUDLJKWKDQGSLHFH'HQWDXUXP
3IRU]KHLP*HUPDQ\ZDVXVHGWRFXWRIIVDPSOHVRIVLPLODU
GLPHQVLRQVIURPH[SHULPHQWDODQGFRQWUROPDQGLEOH
$ S\FQRPHWHU ZDV XVHG WR PHDVXUH GHQVLW\ RI
REWDLQHGVDPSOHV7KHS\FQRPHWHUOLTXLGZDVEHQ
]RO DW &6WDQGDUG HUURUZDV FDOFXODWHGXVLQJ WKH IRO
ORZLQJIRUPXOD¨ȡ ¨P$EVROXWHGHQVLW\RIHDFKERQH
VDPSOH ZDV FDOFXODWHG XVLQJ WKH IROORZLQJ IRUPXOD ¨ȡ
DEVROXWHGHQVLW\ ¨PDVV±VWDQGDUGHUURU¨YROXPH
6OLND('$;DQDOL]DD0LNURHOHPHQWLXVSHNWUXX]RUNDE$QDOL]DNYDQWLWDWLYQH]DVWXSOMHQRVWLPLNUROHPHQDWDXX]RUNX
)LJXUH('$;5)PLFURDQDO\VLVD0LFURHOHPHQWVLQVDPSOHVSHFWUXPE4XDQWLWDWLYHDQDO\VLVRIPLFURHOHPHQWSUHVHQFHLQVDPSOH
3RVOH GHKLGUDFLMH X]RUFL VX þXYDQL X YDNXPX L SUL
SUHPOMHQL ]D PLNURDQDOL]X 6DGUåDML PLNURHOHPHQDWD X
X]RUFLPD NRVWL VX XWYUÿHQL NYDOLWDWLYQRP GLVSHU]LYQRP
PLNURDQDOL]RP 3KLOLSV ('$; HQHUJ\ GLVSHUVLYH ;UD\
VSHFWURPHWHU  3KLOOLSV 7KH 1HGHUODQG 6OLNH  ̛
=DWLP MH SULPHQMHQD VNHQLQJHOHNWURQVNDPLNURVNRSL
'HK\GUDWLRQVRIERQHVDPSOHVZHUHFRQGXFWHGLQHWKD
QRO DQG NHSW LQ YDFXXP SULRU WRPLFURDQDO\VLV4XDOLWDWLYH
HQHUJ\GLVSHUVLYH PLFURDQDO\VLV ZDV XVHG WR GHWHFW PLFUR
HOHPHQWV3KLOLSV('$;HQHUJ\GLVSHUVLYH;UD\VSHFWURP
HWHU3KLOOLSV7KH1HGHUODQG)LJXUHV̛6FDQQLQJ
HOHFWURQ PLFURVFRS\ PHWKRG ZDV DSSOLHG )LHOGHPLVVLRQ
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MD)LHOGHPLVVLRQ6FDQQLQJ(OHFWURQ0LFURVFRSH3KLOLSV
;/ 3KLOLSV (LQGKRYHQ 7KH 1HGHUODQG QHVSUDãHQLK
HNVSHULPHQWDOQLK LNRQWUROQLKX]RUDNDNRVWLSUL UD]OLþLWLP
XYHüDQMLPD6OLNH̛8]RUFLVXSULSUHPDQL]DDQDOL]X
XHWDQROX8FLOMXNRQDþQRJXSRUHÿLYDQMDX]RUDNDRGDEUD
QRMHXYHüDQMHRGSXWD]DVYHX]RUNH6OLNDE6OLND
E6OLNDE6OLNDE6OLND
6FDQQLQJ(OHFWURQ0LFURVFRSH3KLOLSV;/3KLOLSV(LQG
KRYHQ7KH1HGHUODQGWRH[DPLQHVHFWLRQVRIVDPSOHV%RQH
VDPSOHVZHUHRSWLPDOO\GHK\GUDWHG6DPSOHVZHUHLUUDGLDWHG
LQVWDQGDUGL]HGZD\'LIIHUHQWPDJQLILFDWLRQVZHUHXVHGIRU
6(0 REVHUYDWLRQV RI VHFWLRQV RI H[SHULPHQWDO DQG FRQWURO
VLWHV )LJXUHV̛)LQDOO\[PDJQLILFDWLRQZDVXVHG
LQ6(0DQDO\VLVRIHDFKH[SHULPHQWDO)LJXUHE)LJXUHE
DQGFRQWUROVSHFLPHQ)LJXUHE)LJXUHE)LJXUH
6OLND('$;DQDOL]DD0LNURHOHPHQWLXVSHNWUXX]RUNDE$QDOL]DNYDQWLWDWLYQH]DVWXSOMHQRVWLPLNUROHPHQDWDXX]RUNX
)LJXUH('$;DQDO\VLVD0LFURHOHPHQWVLQVDPSOHVSHFWUXPE4XDQWLWDWLYHDQDO\VLVRIPLFURHOHPHQWSUHVHQFHLQVDPSOH
6OLND6(0SULND]NRãWDQHSRYUãLQHX]RUNDDXYHüDQMHSXWDEXYHüDQMHSXWDVWUHOLFDPDR]QDþHQHEURMQHPLNURSXNRWLQHX
osteoporoznoj kosti bezubog grebena.
)LJXUH6(0RIVDPSOHVXUIDFHD[PDJQLILFDWLRQE[PDJQLILFDWLRQDUURZVLQGLFDWHQXPHURXVPLFURSRURVLWLHVLQRVWHRSRURWLFERQHRI
WKHHGHQWXORXVULGJH
6OLND6(0SULND]NRãWDQHSRYUãLQHX]RUNDDXYHüDQMHSXWDEXYHüDQMHSXWD
)LJXUH6(0RIVDPSOHVXUIDFHD[PDJQLILFDWLRQE[PDJQLILFDWLRQ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6OLND6(0SULND]NRãWDQHSRYUãLQHX]RUNDDXYHüDQMHSXWDEXYHüDQMHSXWD
)LJXUH6(0RIVDPSOHVXUIDFHD[PDJQLILFDWLRQE[PDJQLILFDWLRQ
6OLND6(0SULND]NRãWDQHSRYUãLQHX]RUNDDXYHüDQMHSXWDEXYHüDQMHSXWD
)LJXUH6(0RIVDPSOHVXUIDFHD[PDJQLILFDWLRQE[PDJQLILFDWLRQ
6OLND6(0SULND]SRYUãLQHDQJXOXVDNRQWUROQHPDQGLEXOHX]RUDN
XYHüDQMHSXWD
)LJXUH6(0SKRWRPLFURJUDSKRIFRQWUROPDQGLEOHDQJXOXVVDPSOH
[PDJQLILFDWLRQ
6OLND1HRUJDQVNLNRQVWLWXHQWLPLNURNULVWDODXVSUDãHQRPX]RUNX
KRUL]RQWDOQDUHIHUHQWQDOLQLMDș&XPDNVLPDOQDYUHGQRVW
YHUWLNDOQDOLQLMDFSVQDMYHüLLQWHQ]LWHW &D322+
 &D+32Ÿ &D+32[+2¸ &D32
)LJXUH,QRUJDQLFFRQVWLWXHQWVRIPLFURFU\VWDOVLQGXVW\VDPSOH
KRUL]RQWDOUHIHUHQFHOLQHș&XPD[LPXPYHUWLFDOUHIHUHQFH
OLQHLQWHQVLW\FSVPD[LPXP &D322+ &D+32
Ÿ &D+32[+2¸ &D32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'LIUDNFLMD ; ]UDFLPD MH SULPHQMHQD X FLOMX DQDOL]R
YDQMDPLQHUDOQLKVDVWDYDVSUDãHQLKX]RUDND&U\VWDOORIOH[
GLIUDFWRPHWHU ' 6LHPHQV *HUPDQ\ MDþLQD VWUXMH
.9SULP$6OLND6OLND
5H]XOWDWL
9UHGQRVWL JXVWLQH HNVSHULPHQWDOQLK X]RUDND RG
JFPGRJFPL]PHUHQHVXXSLNQRPHWUX
7DEHOD*UHãNDPHUHQMDMHL]QRVLODJUDPDSUL
PDVLRGJUDPD
;UD\ GLIIUDFWLRQ PHWKRG ZDV XVHG IRU DQDO\VLV RI
PLQHUDOSKDVHG FRPSRVLWLRQV RI VDPSOHV &U\VWDOORIOH[
GLIUDFWRPHWHU ' 6LHPHQV *HUPDQ\ DW .9 DQG
P$)LJXUHV̛
Results
'HQVLW\RIJFPJFPRIEDVDOVLWH
Ǝ6ƎZDVPHDVXUHGLQWKHS\FQRPHWHU7DEOH6WDQGDUG
HUURUZDVJSHUJ
6OLND1HRUJDQVNLNRQVWLWXHQWLPLNURNULVWDODXVSUDãHQRPX]RUNX
KRUL]RQWDOQDUHIHUHQWQDOLQLMDș&XPDNVLPDOQDYUHGQRVW
YHUWLNDOQDOLQLMDFSVQDMYHüLLQWHQ]LWHW &D322+
)LJXUH,QRUJDQLFFRQVWLWXHQWVRIPLFURFU\VWDOVLQGXVW\VDPSOH
KRUL]RQWDOUHIHUHQFHOLQHș&XPD[LPXPYHUWLFDOUHIHUHQFHOLQH
LQWHQVLW\FSVPD[LPXP &D322+
7DEHOD*XVWLQHX]RUDND
7DEOH6DPSOHGHQVLWLHV
8]RUFLXNRVWLPDSULND]DQLQDRVQRYX
RUWRSDQWRPRJUDPD
3DQRUDPLFUDGLRJUDSKVRIERQHVDPSOHV
2SWLþNDUHODWLYQDJXVWLQD
2SWLFUHODWLYHGHQVLW\
8PP2
,]GYRMHQ
X]RUDNNRVWL
6DPSOH
$SVROXWQDJXVWLQD
'HQVLW\JFP
2VWHRSRUR]QLEH]XELJUHEHQ
2VWHRSRURWLFHGHQWXORXVULGJHVLWH    
2VWHRSRUR]QLED]DOQLVORM
2VWHRSRURWLFEDVDOERQHVLWH    2 
$OYHRODUQLJUHEHQ
$OYHRODUULGJHVLWH    
%D]DOQDNRVW
%DVDOERQHVLWH    
$QJXOXVPDQGLEXOH
*RQLRQVLWH    
('$; DQDOL]RP XVWDQRYOMHQD MH UD]OLþLWD ]DVWXSOMH
QRVW PLNUROHPHQDWD X HNVSHULPHQWDOQLP X]RUFLPD  L 
6OLNH̛8X]RUNXPLNURHOHPHQWLVXELOL]DVWXSOMHQL
UHGRVOHGRPNDOLMXPXJOMHQLNNDOFLMXP6OLNDE1DMYL
ãHMHELR]DVWXSOMHQNDOLMXP
8X]RUNXPLNURHOHPHQWLVXELOL]DVWXSOMHQLUHGRVOH
GRP NDOLMXP XJOMHQLN IRVIRU NDOFLMXP±NDUERQDW NDOFL
MXP6OLNDE.YDQWLWDWLYQRQDMYLãHVXELOLSULVXWQLNDOL
MXPLNDOFLMXPNDUERQDW
8NRQWUROQLPX]RUFLPDXWYUÿHQRMHSRVWRMDQMHNDOLMX
PDNDOFLMXPNDUERQDWDXJOMHQLND IRVIRUD LQDWULMXPD8
NRQWUROQLPX]RUFLPDMHELOR]QDþDMQRYLãHNDOFLMXPDIRV
IRUDLQDWULMXPD
(';5) PLFURDQDO\VLV UHYHDOHG GLIIHUHQW PLFURHOH
PHQWVLQH[SHULPHQWDOVDPSOHV6DQG6)LJXUHV̛
$VIRU6PLFURHOHPHQWVZHUHDVIROORZVSRWDVVLXPFDU
ERQFDOFLXPDQGFREDOW)LJXUHE7KHPDMRULW\RIVDP
SOHVXEVWDQFHFRQWDLQHGSRWDVVLXP
,Q WKHVDPSOH6 WKHIROORZLQJPLFURHOHPHQWVZHUH
GHWHFWHGSRWDVVLXPFDUERQSKRVSKRUXVFDOFLXPFDUERQ
DWHFREDOWDQGFDOFLXP)LJXUHE3RWDVVLXPDQGFDUERQ
DWHVZHUHPDMRUFRQVWLWXHQWVRIERQ\VXEVWDQFHRI6
4XDOLWDWLYH HQHUJ\GLVSHUVLYHPLFURDQDO\VHV RI FRQWURO
VDPSOHVVKRZHGWKHSUHVHQFHRISRWDVVLXPFDOFLXPFDUERQ
DWHFDUERQSKRVSKRUXVDQGVRGLXPPLFURHOHPHQWV3RWDVVL
XPDQGFDUERQDWHVZHUHPDMRUFRQVWLWXHQWVRIFRQWUROERQH
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8SRUHÿXMXüL SULVXVWYR NLVHRQLND NLVHRQLN X MRQLPD
L NLVHRQLN X NRPSOHNVQLP MHGLQMHQMLPD QD SRYUãLQDPD
NRVWL LSULVXVWYRNDOFLMXPDXHNSHULPHQWDOQLPX]RUFLPD
L]UDþXQDWD MH ]QDþDMQD YUHGQRVW NRHILFLMHQWD NRUHODFLMH
U .DGDVXXSRUHÿLYDQLSULVXVWYRIRVIRUDLNDOFLMX
PDNDOFLMXPNREDOWXSDUXXHNVSHULPHQWDOQLPX]RUFLPD
XWYUÿHQDMHVWDWLVWLþNL]QDþDMQDYUHGQRVWNRHILFLMHQWDNRUH
ODFLMHU 9UHGQRVWNRHILFLMHQWDNRUHODFLMHQLMHELOD
VWDWLVWLþNL]QDþDMQDU NDGDVXXSRUHÿLYDQLIRVIRUL
NDOFLMXPNDUERQDWXHNVSHULPHQWDOQLPX]RUFLPD
$QDOL]RPVYLKHNVSHULPHQWDOQLKX]RUDNDXWYUÿHQRMH
]QDþDMQRSULVXVWYRNLVHRQLND
5H]XOWDWLDQDOL]H6(0PLNURJUDILMDVXSRND]DOLPRGL
ILNDFLMHWUDEHNXODUD]JUDGQMXNRãWDQLKVORMHYDLSRUR]QRVW
HNVSHULPHQWDOQLKX]RUDNDL6OLND6OLND1HJDWLY
QR UHPRGHORYDQMH ODPHOD MHXWYUÿHQRXX]RUNX%URMQH
PLNURSXNRWLQHVXXRþHQHXX]RUNX6OLNDE
1DMYHüLSRUDVWSRUR]QRVWL±XWYUÿHQMHXX]RU
NX7DEHOD
6LJQLILFDQW FRHIILFLHQWZDV FDOFXODWHG U  FRU
UHODWLQJR[\JHQ DQG FDOFLXP OHYHOV LQ H[SHULPHQWDO VDP
SOHV:KHQSKRVSKRUXVDQGFDOFLXPFDOFLXPFREDOWSDLU
LQ H[SHULPHQWDO VDPSOHV ZHUH FRPSDUHG D VLJQLILFDQW
YDOXH ZDV FDOFXODWHG U  &RUUHODWLRQ FRHIILFLHQW
ZDV QRW VLJQLILFDQW U  ZKHQ SKRVSKRUXV DQG FDO
FLXPFDUERQDWHLQH[SHULPHQWDOVDPSOHVZHUHFRPSDUHG
(';5) DQDO\VHV RI H[SHULPHQWDO VDPSOHV UHYHDOHG
VLJQLILFDQWR[\JHQSUHVHQFH
6(0PLFURJUDSK UHYHDOHG WUDEHFXODU PRGLILFDWLRQV
SRURVLW\DQGGHJUDGDWLRQRIRVVHRXVOD\HUVLQH[SHULPHQWDO
VDPSOHV6DQG6)LJXUH)LJXUH1HJDWLYHUHPRG
HOOLQJRIODPHOODUSDUWVZDVVHHQLQ60LFURFUDFNVZHUH
VKRZQLQH[SHULPHQWDOVDPSOH6)LJXUHE
7KHJUHDWHVWLQFUHDVHLQSRURVLW\ZDVUHFRUG
HGLQVDPSOH67DEOH
7DEHOD3URVHþQHYUHGQRVWLGHEOMLQDODPHOD
7DEOH0HDQYDOXHVRIODPHODUWKLFNQHVV
8]RUDN
6DPSOH
'HEOMLQD
7KLFNQHVVP
 
   2 
 
 
 
7DEHOD3URFHQDWSRUR]QRVWLXHNVSHULPHQWDOQLPX]RUFLPD
7DEOH3HUFHQWDJHRIVDPSOHSRURVLW\
8]RUDN
6DPSOH
8]RUDN
6DPSOH
8]RUDN
6DPSOH
8NXSDQEURMãXSOMLQDXVSRQJLR]QRMNRVWL7RWDOVRIFDQFHOORXVVLWHV 
%URMSRUR]QLKPLNURãXSOMLQD7RWDOVRISRURVLWLHV  
3URFHQWXDOQD]DVWXSOMHQRVWSRUR]QRVWLXHNVSHULPHQWDOQLPX]RUFLPD
3HUFHQWDJHRISRURVLWLHVLQVDPSOHV  
3URFHQDWSRYHüDQMDSRUR]QRVWL
3HUFHQWDJHRISRURVLW\LQFUHDVHLQFRPSDULVRQWR
FDQFHOORXVVLWHVLQUHIHUHQWVDPSOH
 
5HIHUHQWDQX]RUDN
UHIHUHQWVDPSOH
8WYUÿHQH VX VWDWLVWLþNL ]QDþDMQH UD]OLNH 3
W XEURMXSRUR]QLKPLNURVWUXNWXUDX]RUNDLX]RU
ND  1XPHULþNH YUHGQRVWL UDVWRMDQMD L]PHÿX VXVHGQLK
ODPHODVXELOH]QDþDMQRUD]OLþLWH7DEHOD
'YRVPHUQD DQDOL]D YDULMDQVL MH SULPHQMHQD GD EL VH
XWYUGLOR GD OL VX VYH SRYUãLQH X]RUDND SRJRGQH ]D QDNX
SOMDQMHMRQDNLVHRQLNDLGDOLVXUD]OLþLWHUD]JUDÿHQHSRYU
ãLQHHNVSHULPHQWDOQLKX]RUDNDNRVWLVDUD]OLþLWLPREOLFLPD
DSDWLWD XVOHG L]PHQD REOLND NULVWDOD YLãH SULMHPþLYH ]D
7KHUHZDVVWDWLVWLFDOO\VLJQLILFDQWGLIIHUHQFHS
7 WHVW YDOXH  LQ WKH QXPEHU RI SRURXVPLFURVWUXF
WXUHVLQ6DQG61XPHULFDOYDOXHVIRULQWHUODPHOODUGLV
WDQFHVZHUHVLJQLILFDQWO\GLIIHUHQW7DEOH
7ZRZD\ $129$ ZDV DSSOLHG WR DVVHVV ZKHWKHU
DOOVDPSOHVXUIDFHVZHUHVXLWDEOHR[\JHQLRQDGKHUHQFH
DVZHOO DV WR GLVWLQJXLVK R[\JHQ DIILQLW\ RI H[SHULPHQ
WDO VDPSOHV ZLWK GLIIHUHQW W\SHV RI DSDWLWH 7ZR ZD\
$129$ UHYHDOHG VLJQLILFDQW SUHVHQFH RI R[\JHQ LQ
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NLVHRQLN$QDOL]DYDULMDQVLMHSRND]DODGDSRVWRML]QDþDMQD
SRYH]DQRVWSULVXVWYDNLVHRQLND3 QDHURGLUDQLPL
UD]JUDÿHQLPSRYUãLQDPDNRVWL3
'LIUDNFLMRP;]UDFLPDXWYUÿHQR MH GD VXQHVWDELOQD
ID]DKLGURNVLDSDWLWDNDOFLMXPIRVIDWDLDPRUIQLNDOFLMXP
IRVIDW &D+32;+22 VDþLQMDYDOL NULVWDOH X VSUDãHQRP
X]RUNX6OLNDL7DEHOD
1HGRYROMQRþYUVWDID]DKLGURNVLODSDWLWDMHELODYHüLQ
VNLVDGUåDMXVSUDãHQRPX]RUNX6OLND7DEHOD
HURGHG S DQG GHFRPSRVHG RVVHRXV VXUIDFHV
S 
;UD\ GLIIUDFWLRQ DQDO\VLV VKRZHG WKDW WKH XQVWDEOH
SKDVH RI K\GUR[\DSDWLWH FDOFLXP SKRVSKDWH DQG DPRU
SKRXV FDOFLXP SKRVSKDWH  IRUPHG FU\VWDOV RI GXVW LQ 6
)LJXUH7DEOH
,QVXIILFLHQWO\KDUGSKDVHRIK\GUR[\DSDWLWHZDVSUH
GRPLQDQWLQGXVWHG6)LJXUH7DEOH
7DEHOD8GDOMHQMDJUDQLþQLKWHUPLQDOQLKOLQLMDLSRYUãLQD
7DEOH'LVWDQFHVRIDGMDFHQWWHUPLQDOOLQHV
5DVWRMDQMDL]PHÿXJUDQLþQLKOLQLMDVXVHGQLKODPHOD
'LVWDQFHVEHWZHHQWHUPLQDOOLQHVRIDGMDFHQWODPHOODH
6(0X]RUDN
6(0VSHFLPHQ
6UHGQMDYUHGQRVW6'
0HDQ6'ȝP
RVWHRSRUR]QDED]DOQDNRVW
RVWHRSRURWLFEDVDOERQHVLWH 
DQJXOXVNRQWUROQHPDQGLEXOH
JRQLRQVLWH 
NRQWUROQDED]DOQDNRVW
EDVDOERQHVLWH 
5DVWRMDQMDL]PHÿXJUDQLþQLKOLQLMDVXVHGQLKWUDEHNXOD
'LVWDQFHVEHWZHHQWHUPLQDOOLQHVRIDGMDFHQWWUDEHFXODUVXUIDFHV
6(0X]RUDN
6(0VSHFLPHQ
6UHGQMDYUHGQRVW6'
0HDQ6'ȝP
RVWHRSRUR]QLEH]XELJUHEHQ
RVWHRSRURWLFHGHQWXORXVULGJHVLWH 
DOYHRODUQLJUHEHQ
DOYHRODUULGJHVLWH 
7DEHOD6DGUåDMLNULVWDODXX]RUFLPD
7DEOH&U\VWDOVDQGPLQHUDOSKDVHV
8]RUDN
6DPSOH
.ULVWDOL
&U\VWDOV
9HOLþLQDNULVWDOD
6L]HVRIFU\VWDOV
LQVDPSOHVP
3URVHþQDYUHGQRVW6'NULVWDOD
0HDQV6'RIERQ\VXUIDFHV
ZLWKGLVWRUWHGFU\VWDOVP2 
NULVWDOLVOLþQLSRYHOLþLQLX]RUQLPNULVWDOLPD
VL]HVRIFU\VWDOVVLPLODUWRUHIHUHQWFU\VWDO
6 &D322+
&D+32
&D+32Q+2
 
S2 &D322+  
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Diskusija
0DOH YUHGQRVWL JXVWLQD HNVSHULPHQWDOQLK X]RUDND
NRVWL L]PHUHQHVXVNRURVDVYLPVLJXUQRXVOHGRVWHRSRUR
]H2E]LURPQD]QDþDMQXPDVXNRPSDNWQLKVORMHYDED]DO
QDSRYUãLQDPDQGLEXOHQHEL WUHEDORGDEXGHSUHGLVSRQL
UDQD]DRãWHüHQMDXVOHGJXELWNDNRãWDQRJWNLYDXRVWHRSR
UR]L%D]DOQL VORMNRVWLNRQWUROQHPDQGLEXOHPRJDREL VH
VPDWUDWLUHIHUHQWQRPSRYUãLQRPSULL]UDþXQDYDQMXVWHSHQD
SRUR]QRVWLXHNVSHULPHQWDOQLPX]RUFLPD
8FLOMXXWYUÿLYDQMDSRVHEQLKSURPHQDXRYRPHNVSH
ULPHQWXSRWUHEQRELELORGLVNXWRYDWLGDOLVXSUHNLGLNRQ
WLQXLWHWDWUDEHNXODXOLWHUDWXULUDQLMHXVWDQRYOMHQSRUHPH
üDMSURX]URNRYDQRVWHRSRUR]RPELOLORNDOL]RYDQLVDPR
L]PHÿX SUHRVWDOLK XPUHåHQLK SRPRüQLK´VHNXQGDUQLK´
WUDEHNXODXX]RUNXQHSRVUHGQRX]LSUHPDSRYUãLQLWHOD
EH]XEHPDQGLEXOHLOLVXELOLSULVWXWQLLXQRVHüLPWUDEHNX
ODPD"$QDOL]RP 6(0 PLNURJUDILMD VX XWYUÿHQL QH VDPR
EURMQL SUHNLGL VWUXNWXUD XPUHåHQLK VHNXQGDUQLK WUDEHNXOD
YHü LSUHNLGLXQRVHüLPWUDEHNXODPD8WRPVPLVOXQHJD
WLYQRUHPRGHORYDQMHEH]XERJJUHEHQDKXPDQHRVWHRSRUR
]QHPDQGLEXOHPRJORELVHVDVYLPVLJXUQRVPDWUDWLRVREH
QLPLMHGLQVWYHQLPSRUHPHüDMHPXKXPDQRPVNHOHWX
1D RVQRYX UH]XOWDWD DQDOL]H 6(0 PLNURJUDILMD
PRJORELVHSUHWSRVWDYLWLGDELSUHNRPHUQDRGVWXSDQMDRG
GLPHQ]LMDPLNURSURVWRUDL]PHÿXSRYUãLQDVXVHGQLKWUDEH
NXOD XND]LYDOD ]DSUDYR QD VHNXQGDUQX KLSHUWURILMX WUDEH
NXOD NRMD QH EL ELOD SRVOHGLFD QHJDWLYQRJ UHPRGHORYDQMD
EH]XERJJUHEHQDXVOHGRVWHRSRUR]H0HÿXWLPQDRVQRYX
GRNXPHQWRYDQLKYUHGQRVWL VWDQGDUGQLKGHYLMDFLMDD WDNR
ÿHLSURVHþQLKYUHGQRVWLXGDOMHQMDJUDQLþQLKOLQLMDSRSRYU
ãLQDPD VXVHGQLK WUDEHNXOD VHNXQGDUQDKLSHUWURILMD WUDEH
NXOD MHXWYUÿHQDXX]RUNXDOYHRODUQRJJUHEHQDNRQWUROQH
PDQGLEXOH6HNXQGDUQRKLSHUWURILVDQMH WUDEHNXODXDOYHR
ODUQRPJUHEHQXGRNXPHQWRYDOLVXLUH]XOWDWLXSRUHÿLYDQMD
SURVHþQLKYUHGQRVWLLVWDQGDUGQLKGHYLMDFLMDPLNURNULVWDOD
3RUHGWRJDXWYUÿHQHSURVHþQHYUHGQRVWLLVWDQGDUGQHGHYL
MDFLMHXGDOMHQMDVXVHGQLKWUDEHNXODPRJOHELYUORYHURYDW
QRXND]DWLQDYDULMDFLMHXãLULQLRGQRVQRGHEOMLQLWUDEHNXOD
XEH]XERPJUHEHQXHNVSHULPHQWDOQHRVWHRSRUR]QHPDQGL
EXOH8 WRPVPLVOXYDULMDFLMHXGHEOMLQL WUDEHNXODPRJX
VNRUREH]XVORYQRJRYRULWLXSULORJVSRUDGLþQHKLSHUWURILMH
WUDEHNXODLXEH]XERPJUHEHQXRVWHRSRUR]QHPDQGLEXOH
8]RUDNEH]XERJJUHEHQDHNVSHULPHQWDOQHRVWHRSRUR
]QHPDQGLEXOHLX]RUDNDOYHRODUQRJJUHEHQDL]PHÿX]XED
NRQWUROQHPDQGLEXOHQDOD]LOLVXVHXWN]Y³åYDüQRPFHQ
WUX´ 6DPLP WLP WUHEDSUHWSRVWDYLWL GD MH UHPRGHORYD
QMHELORQDMLQWHQ]LYQLMHXSUDYRX WLPX]RUFLPD6WRJD MH
XRYRPLVWUDåLYDQMXELORSRVHEQRLQWHUHVDQWQRGLMDJQRVWL
NRYDWLGDOLVXVHNXQGDUQRSRGHEOMDQHWUDEHNXOHSRVWRMDOHL
SUHQHJDWLYQRJUHPRGHORYDQMDNRãWDQLKVORMHYDXHNVSHUL
PHQWDOQRPX]RUNXEH]XERJJUHEHQD%URMQHKLSHUWURILþQH
ODPHOHXDOYHRODUQRMNRVWLQDMYHURYDWQLMHVXQDVWDOHXVOHG
SUHWKRGQLK RSWHUHüHQMD QD JUHEHQ ]D YUHPH PDVWLNDFLMH
1D WDM QDþLQ VHNXQGDUQD KLSHUWURILMD WUDEHNXOD QH EL VH
PRJODGRYHVWLXYH]XVDRVWHRSRUR]RP
1D RVQRYX DQDOL]H 6(0 PLNURJUDILMD XWYUÿHQR MH
VPDQMHQMH EURMD VSRQJLR]QLK ãXSOMLQD X WUDEHNXODUQRM
NRVWLHNVSHULPHQWDOQLKX]RUDND LSRVWRMDQMHEURMQLKSRUR
Discussion
/RZ GHQVLW\ RI HGHQWXORXV ULGJH VLWH DQG GHWHFWHG
GHFUHDVH LQ GHQVLW\ RI H[SHULPHQWDO VDPSOHV ZHUH PRVW
SUREDEO\WKHUHVXOWRIRVWHRSRURVLV
%DVDO ERQH UHVHPEOLQJ FRPSDFW VXUIDFH VKRXOG EH
OHVVVXVFHSWLEOHWRGHVWUXFWLRQV%DVDOERQHLQWKHFRQWURO
VDPSOHVKRXOGEHDFFHSWHGDVWKHUHIHUHQFHIRUFDOFXODWLRQ
RIOHYHOVRISRURVLW\LQH[SHULPHQWDOVDPSOHV
,QRUGHUWRGHWHFWVSHFLILFFKDQJHVLQWKLVH[SHULPHQW
LW VKRXOG EH GLVFXVVHG ZKHWKHU WUDEHFXOODU GLVUXSWLRQV
ZKLFK ZHUH VXPPDUL]HG DV RVWHRSRURWLF WUDEHFXODU GLV
RUGHUV  ZHUH ORFDWHG EHWZHHQ FURVVOLQNLQJ WUDEHFXODU
URGVRIH[SHULPHQWDOHGHQWXORXVULGJHVLWHRUZHUHSUHVHQW
LQ VWUHVVEHDULQJ WUDEHFXODH DV ZHOO 6(0 PLFURJUDSKV
GRFXPHQWHGGLVUXSWLRQVLQFURVVOLQNLQJWUDEHFXODUURGVDV
ZHOODVLQVWUHVVEHDULQJWUDEHFXODH,QWKLVUHVSHFWQHJD
WLYHUHPRGHOOLQJRIHGHQWXORXVULGJHDQGHGHQWXORXVPDQ
GLEOH VKRXOG EH FRQVLGHUHG DV XQLTXH GLVRUGHU LQ KXPDQ
VNHOHWRQ
6(0PLFURJUDSKRIRYHUH[WHQVLRQRI WUDEHFXOODU DGMD
FHQWSRUWLRQVFRXOGVXJJHVWWKDWVHFRQGDU\WUDEHFXOODUK\SHU
WURSK\QRWDVVRFLDWHGZLWKQHJDWLYHUHPRGHOLQJRIHGHQWXORXV
ULGJH +RZHYHU LQ UHVSHFW RI UHFRUGHG VWDQGDUG GHYLDWLRQV
DQGPHDQGLVWDQFHVRIWHUPLQDOOLQHVRIDGMDFHQWWUDEHFXOODH
VHFRQGDU\ WUDEHFXOODU K\SHUWURSK\ZDV GHWHFWHG LQ DOYHRODU
ULGJHVLWH6HFRQGDU\K\SHUWURSK\RIDOYHRODUULGJHWUDEHFXO
ODH ZDV DOVR GRFXPHQWHG E\ FRPSDULVRQ RI PHDQ DQG 6'
YDOXHVLQPLFURFU\VWDOV
$GGLWLRQDOO\PHDQDQG6'YDOXHVRIGLVWDQFHVRIDGMD
FHQW WUDEHFXOODU SRUWLRQV FRXOG VXJJHVW GLYHUVLW\ DQG YDUL
DWLRQV RI WUDEHFXODU WKLFNQHVV ZLWKLQ HGHQWXORXV ULGJH VLWH
&RQVHTXHQWO\YDULDWLRQVLQWUDEHFXODUWKLFNQHVVFRXOGVWURQJ
O\DFFRXQWIRUVSRUDGLFVHFRQGDU\K\SHUWURSK\RIWUDEHFXODH
LQHGHQWXORXVULGJHVLWH
([SHULPHQWDO HGHQWXORXV ULGJH DQG FRQWURO DOYHRODU
ULGJH VLWHV ZHUH GHWHFWHG ZLWKLQ WKH VRFDOOHG ³FKHZLQJ
FHQWHUV´  7KHUHIRUH UHPRGHOLQJ VKRXOG KDYH EHHQ WKH
PRVWLQWHQVLYHRQWKHVHVLWHV,QWKLVVWXG\LWZDVSDUWLFX
ODUO\LQWHUHVWLQJWRGHWHFWZKHWKHUVHFRQGDU\K\SHUWURSKLF
WUDEHFXOODH KDG DOUHDG\ H[LVWHG SULRU WR QHJDWLYH UHPRG
HOLQJRIHGHQWXORXVULGJHVLWH
1XPHURXV K\SHUWURSKLF WUDEHFXOODH FRXOG KDYH
DSSHDUHG LQ UHVSRQVH WR SUHYLRXV PDVWLFDWRU\ ORDGLQJ
7KXV VHFRQGDU\ K\SHUWURSK\ RI WUDEHFXOODH FRXOG QRW EH
UHODWHGWRRVWHRSRURVLV
6(0 PLFURJUDSKV VXJJHVWHG GHFUHDVHG QXPEHU RI
FDQFHOORXV UHJLRQV LQ WUDEHFXOODU ERQH RI H[SHULPHQWDO
VSHFLPHQVSDQGQXPHURXVSRURVLW\VLWHVZLWKWKH
WHQGHQF\ RI LQFUHDVLQJ DQG QHJDWLYH ERQH UHPRGHOOLQJ
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]QLK ãXSOMLQD S VD WHQGHQFLMRP SRYHüDQMD SRUR
]QRVWL LQHJDWLYQRJUHPRGHORYDQMDVORMHYDNRVWL6WRJD MH
YUORYHURYDWQRGDMHXEU]DQDUHVRUSFLMDNRãWDQRJPDWULNVD
X]URNRYDQD RVWHRNODVWLþQRP DNWLYQRãüX GRYHOD GR LQWHQ
]LYQHSRUR]QRVWL
8 RYRM VWXGLML XWYUÿHQD MH SRYH]DQRVW QDNXSOMDQMD
NLVHRQLND QD UD]JUDÿHQLP SRYUãLQDPD NRVWL HNVSHULPHQ
WDOQLKX]RUDNDNRMHVXRãWHüHQHXVOHGRVWHRSRUR]HLEURMD
UD]JUDÿHQLK SRYUãLQD ýLQL VH X SRWSXQRVWL RSUDYGDQRP
SUHWSRVWDYNDGDVXSRUR]QLSURVWRULELOLSRJRGQHSRYUãLQH
]DQDNXSOMDQMHMRQDNLVHRQLND-RQLNLVHRQLNDVX³R]QDþLOL´
QHVDPRSUHNLQXWHSRYUãLQHWUDEHNXODYHüLRVWHRSRUR]RP
RãWHüHQHODPHOH
8SUNRV þLQMHQLFL GD MH QD RVQRYX 6(0PLNURJUDILMD
XWYUÿHQR SRVWRMDQMH ODPHOD X VYLP X]RUFLPDPRJOR EL VH
VPDWUDWLGD MHHNVSHULPHQWDOQLX]RUDNEURMXRVQRYLELR
VDþLQMHQ RG NRUWLNDOQLK VORMHYD 0HÿXWLP HNSHULPHQWDOQL
X]RUDNEH]XERJJUHEHQDXRVQRYLQLMHELRVDþLQMHQRGNRU
WLNDOQHNRVWL1DRVQRYXþLQMHQLFHGDVXNRUWLNDOQHODPHOH
NRQWUROQRJ X]RUND EURM  L] DQJXOXVDPDQGLEXOH L] NRQ
WUROQRJ X]RUND EURM  L] ED]H NRQWUROQHPDQGLEXOH NDR L
ODPHOH L] HNVSHULPHQWDOQRJ X]RUND EURM  ED]H EH]XEH
PDQGLEXOHELOHSUHVYHJDXSULPDUQRMNRPSUHVLYQRMJUXSL
D SRQHJGH L X VHNXQGDUQRM NRPSUHVLYQRM JUXSL ODPHOD
PRJORELVHQDSUYLSRJOHGSUHWSRVWDYLWLGDQLMHELORUHGXN
FLMDODPHODXVOHGRVWHRSRUR]H3RUHGWRJDPRJORELVHVPD
WUDWL GD VDVYLP RþLJOHGQR QLMH ELOR QL VWDQMLYDQMD ODPHOD
7DNYR]DSDåDQMHELELORXVNODGXVDQDOD]LPD%R\GHL.LQ
JVPLOOD  0HÿXWLP 6(0 PLNURJUDILMH ED]DOQLK VORMHYD
HNSHULPHQWDOQHPDQGLEXOHSRND]DOHVXPRGLILNDFLMHREOLND
ODPHODLUHGXNFLMHEURMDODPHODãWRVHVDVYLPVLJXUQRPRåH
SULSLVDWLRVWHRSRUR]LLVWDUHQMXNRVWL
,]PHQMHQLREOLFLODPHODPRJOLELVHVPDWUDWLSRVOHGL
FRPQDNXSOMDQMDNDOFLMXPNDUERQDWD
6SRUDGLþQRXYHüDQHODPHOHL]X]RUNDED]DOQHNRVWL
HNVSHULPHQWDOQH PDQGLEXOH PRJOH EL JRYRULWL X SULORJ
VDVYLP SRVHEQRJ SURFHVD UHPRGHORYDQMD   0HÿXWLP
]QDþDMQRUD]OLþLWLREOLFLODPHODED]DOQRJVORMDHNVSHULPHQ
WDOQH PDQGLEXOH PRJOL EL XND]LYDWL L QD UHPRGHORYDQMH
VHNXQGDUQLP]DGHEOMDYDQMHPNRUWHNVDRVWHRSRUR]QHPDQ
GLEXOH SURFHVRP HQGRNRUWLNDOQH DSR]LFLMH LOL XGUXåHQLP
SURFHVLPDSHULRVWDOQHLHQGRNRUWLNDOQHDSR]LFLMH 2
1DRVQRYXVWUXNWXUHNRãWDQLKVORMHYDSULND]DQLK6(0
PLNURJUDILMDPD QHXRELþDMQRJ XYHüDQMD ODPHOD ED]DOQRJ
VORMDHNVSHULPHQWDOQHPDQGLEXOHLKDRWLþQRGLVHPLQRYDQH
SRYUãLQHNRUWHNVDXX]RUNXEH]XERJJUHEHQDHNVSHULPHQ
WDOQHPDQGLEXOHNRMHXND]XMXQDQHUHJXODUQRVWLXUDVSRUH
GXNRãWDQLKPLNURSRYUãLQDXHNVSHULPHQWDOQRMPDQGLEXOL
=DNOMXþXMH VH GD VX RSLVDQH SURPHQH SRVOHGLFD RVWHRSR
UR]H 3RUHG WRJD VPDQMHQD GHEOMLQD NRãWDQLK MHGLQLFD L
UHGXNFLMD YROXPHQD HNVSHULPHQWDOQH PDQGLEXOH VYDNDNR
ELVHPRJOLVPDWUDWLSRVOHGLFRPGLVEDODQVDSRRQLPSRYU
ãLQDPD NRVWL JGH VX SRVWRMDOL PRJXüL RGQRVQR XVORYQR
DNWLYQLSRWHQFLMDOL]DUHPRGHORYDQMH
-RQL NLVHRQLND ELOL VX QDMEURMQLML QD QHVLPHWULþQLP
SRYUãLQDPD NRãWDQLK VORMHYD EH]XERJ JUHEHQD RGQRVQR
PLNURVNRSVNLQDQHVLPHWULþQLPNULVWDOLPDLPSOLFLWQRXND
]XMXüLQDGHPLQHUDOL]DFLMXQHGRVWDWDNGREURPLQHUDOL]RYD
QRJ̛NULVWDOQRJDSDWLWDLSRUR]QRVWXNRãWDQLPVORMHYLPD
7KHUHVRUSWLRQRIERQHPDWUL[FRXOGEHLQGXFHGE\RVWHR
FODVWLFDFWLYLW\
,QWKLVVWXG\WKHUHZDVDSRVLWLYHFRUUHODWLRQEHWZHHQ
R[\JHQSUHVHQFHLQGHJUDGHGERQHVXUIDFHVDQGWKHH[WHQW
RI VXUIDFH GHJUDGDWLRQ  ,W FRXOG EH DVVXPHG WKDW SRURXV
FDYLWLHVZHUHVXLWDEOHIRUSRVLWLRQLQJR[\JHQLRQV2[\JHQ
LRQVLQGLFDWHGQRWRQO\LQWHUUXSWHGWUDEHFXOODUVXUIDFHVEXW
DOVRRVWHRSRURWLFODPHOODH
'HVSLWHWKHIDFWWKDW6(0PLFURJUDSKVVKRZHGODPHO
ODUIRUPVLQDOOVDPSOHVLWVKRXOGEHDVVXPHGWKDWH[SHUL
PHQWDOHGHQWXORXVEDVDOVLWHHVVHQWLDOO\KDGFRUWLFDOVWUXF
WXUH+RZHYHUH[SHULPHQWDOHGHQWXORXVULGJHVLWHZDVQRW
RULJLQDOO\RQO\FRUWLFDO%DVHGRQWKHILQGLQJWKDWFRUWLFDO
ODPHOODHRIFRQWUROJRQLXPEDVDOERQHVLWHVLQFRQWURODQG
H[SHULPHQWDO VDPSOHV ZHUH DUUDQJHG LQ SULQFLSDOO\ FRP
SUHVVLYHJURXSVDQGSDUWO\ZLWKLQVHFRQGDU\FRPSUHVVLYH
JURXSV RI RVVHRXV OD\HUV LW FRXOG EH DVVXPHG WKDW WKHUH
ZDVQRWODPHOODUUHGXFWLRQGXHWRRVWHRSRURVLV0RUHRYHU
LWFRXOGEHDVVXPHGWKDWWKHUHZDVQRWKLFNQHVVUHGXFWLRQ
RI ODPHOODH6LPLODU ILQGLQJVZHUHGLVFXVVHG LQ WKH VWXG\
RI%R\GHDQG.LQJVPLOO+RZHYHU6(0PLFURJUDSKVRI
H[SHULPHQWDOEDVDOERQHOD\HUVVKRZHGODPHOODUPRGLILFD
WLRQ DQG UHGXFWLRQZKLFK LQGLFDWHG RVWHRSRURWLF DQG DJH
UHODWHGFKDQJHVRIPDQGLEXODUERQH
0RGLILHGODPHOODUIRUPVFRXOGEHWKHFRQVHTXHQFHRI
FDOFLXPSKRVSKDWHDSSRVLWLRQ
(QODUJHG ODPHOODH RI H[SHULPHQWDO EDVDO ERQH FRXOG
YHULI\ SDUWLFXODU UHPRGHOOLQJ  +RZHYHU VLJQLILFDQWO\
GLIIHUHQW ODPHOODUIRUPVRIH[SHULPHQWDOEDVDOVLWHVFRXOG
LQGLFDWH UHPRGHOOLQJ E\ VHFRQGDU\ WKLFNHQLQJ RI RVWH
RSRURWLF FRUWH[ E\ HQGRFRUWLFDO DSSRVLWLRQ RU E\ MRLQW
SHULRVWHDODQGHQGRFRUWLFDODSSRVLWLRQ 2
6(0 PLFURJUDSK REVHUYDWLRQV XQXVXDO LQFUHDVHV
LQ ODPHOODU IRUPV RI H[SHULPHQWDO  EDVDO VLWH DQG FKD
RWLFDOO\ GLVWDQFHG FRUWLFDO SDUWV RI HGHQWXORXV ULGJH VLWH
FRXOG LQGLFDWH LUUHJXODUSDWWHUQ LQRVWHRSRURVLV%HVLGHV
GHFUHDVHG WKLFNQHVV RI ERQH XQLWV UHGXFWLRQ LQ H[SHUL
PHQWDO ERQH YROXPH DQG FKDQJHV RI WUDEHFXODU DQG
FRUWLFDO H[SHULPHQWDO SRUWLRQV VKRXOG EH LGHQWLILHG DV
VHTXHOODH RI RVWHRSRURVLV DQG LPEDODQFH DW UHPRGHOOLQJ
VLWHV
2[\JHQ LRQV ZHUH SUHGRPLQDQW RQ DV\PPHWULF VXU
IDFHVRIRVVHRXV OD\HUVRIHGHQWXORXV ULGJH LPSOLHGGHP
LQHUDOL]DWLRQ WKH ODFN RI PLQHUDOL]HG FU\VWDO DSDWLWH DQG
SRURVLWLHVLQRVVHRXVOD\HUV
,WVKRXOGEHQRWHGWKDWFDUERQDWHSUHVHQFHLQFRPSOH[
FRPSRXQGVLPSOLHGORZOHYHOVRIFDOFLXPLQK\GUR[\DSD
WLWH LQ H[SHULPHQWDO RVWHRSRURWLF ERQH VDPSOHV8QVWDEOH
³ZHDN´PLQHUDOSKDVHRIDSDWLWHDQG WUDQVIRUPHGFU\VWDO
OLWHVZHUHLQHGHQWXORXVULGJHVLWHPRVWSUREDEO\EHFDXVH
 Stom Glas S, vol. 54, 2007. 
ýLQL VH GD EL ELOR YDåQR QDSRPHQXWL GD MH SULVXVWYR
NDUERQDWDXNRPSOHNVQLP MHGLQMHQMLPD]DSUDYRXND]DORQD
SUHWKRGQRSRVWRMDQMHNDOFLMXPRPGHILFLWDUQRJKLGURNVLDSD
WLWD X HNVSHULPHQWDOQLP ̛ RVWHRSRUR]QLP X]RUFLPD NRVWL
1HVWDELOQD ID]D KLGURNVLDSDWLWD L WUDQVIRUPLVDQL NULVWDOL
QDMYHURYDWQLMH VX ELOL X EH]XERPJUHEHQXXVOHG GLVEDODQVD
X UHPRGHORYDQMX 2VODEOMHQD NULVWDOQD ID]D KLGURNVLDSD
WLWD NDOFLMXP NDUERQDW L DPRUIQL NDOFLMXPIRVIDW &D+
32;+22VLJXUQRVXRGJRYRUQL]DDVLPHWULMHPLNURNULVWD
ODNRVWLXHNVSHLPHQWDOQRPX]RUNXEH]XERJJUHEHQD
9HRPD LQWHUHVDQWDQ QDOD]²MHGLQMHQMH WHWUDNDOFLMXP
SLURIRVIDW&D32 L KLGURNVLODSDWLW X X]RUNX EH]XERJ
JUHEHQD HNVSHULPHQWDOQH PDQGLEXOH WUHEDOR EL QDMYHUR
YDWQLMH SRVPDWUDWL NDR ]QDþDMQR SULVXVWYR YH]DQLK MRQD
NLVHRQLNDVDWHQGHQFLMRPNDVQLMHJRWSXãWDQMD8WRPVPL
VOXNDOFLMXPNDRSRVHEQDIUDNFLMDPRJDRELELWLSUHQHWQD
RVODEOMHQLKLGURNVLDSDWLWXUDQRMID]LQHJDWLYQRJUHPRGHOR
YDQMDNRVWL6ORERGQDIUDNFLMDNDOFLMXPDLNDOFLMXPIRVIDW
QDMYHURYDWQLMHELWUHEDORGDXNDåXQDVHNXQGDUQRPLQHUD
OL]RYDQMHNRVWL6WRJDEL VHPRJOR VNRUR VDVYLP VLJXUQR
WYUGLWLGDELDOYHRODUQLJUHEHQPDQGLEXOHPRJDRELWLSUH
NXUVRUQDJRYHãWDYDMXüLLQFLGHQFHQHJDWLYQLKUHPRGHORYD
QMDNRVWLMXLRVWHRSRUR]X
+LGURNVLDSDWLWLNDOFLMXPVXOIDWXNRPSOHNVQRPMHGL
QMHQMXWUHEDSRVPDWUDWLNDRPLQHUDOQLNRPSOHNVNRMLXND
]XMHQDGHKLGUROL]XLGRPLQDFLMXQHVWDELOQLKID]DDSDWLWDX
RVWHRSRUR]QRPEH]XERPJUHEHQX
=DNOMXþDN
5H]XOWDWL LVWUDåLYDQMD SRND]XMX VOLNX UD]OLþLWH GHJUD
GDFLMH NRUWLNDOQRJPDWULNVD L VSRQJLR]QLK VORMHYDEH]XEH
PDQGLEXOHX]URNRYDQHRVWHRSRUR]RP
RI UHPRGHOOLQJ LPEDODQFH :HDNHQHG FU\VWDO SKDVH RI
K\GUR[\DSDWLWH FDOFLXP FDUERQDWH DQG DPRUSKRXV FDOFL
XPSKRVSKDWHLQHGHQWXORXVULGJHPLJKWEHUHVSRQVLEOHIRU
VHYHUHGLVWRUWLRQVRIFU\VWDOV\PPHWU\
$QLQWHUHVWLQJILQGLQJ±WHWUDFDOFLXPSK\URSKRVSKDW
DQG K\GUR[\DSDWLWH LQ HGHQWXORXV ULGJH RI H[SHULPHQWDO
ERQH VKRXOG EH VHHQ DV ULFK R[\JHQ SRROZLWK UHOHDVLQJ
SRWHQWLDO,QWKLVUHVSHFWFDOFLXPIUDFWLRQFRXOGEHWUDQV
IHUUHGRQWRZHDNHQHGSKDVHRIDSDWLWH LQ WKHHDUO\SKDVH
RI QHJDWLYH UHPRGHOOLQJ &DOFLXP IUDFWLRQ DQG &DOFLXP
SKRVSKDWH FRXOGPRVW SUREDEO\ LQGLFDWH VHFRQGDU\ ERQH
PLQHUDOL]DWLRQ7KXV DOYHRODU ULGJH in vivo FRXOGEH WKH
SUHGLFWRURIQHJDWLYHERQHUHPRGHOOLQJDQGRVWHRSRUR
VLV
+\GUR[\DSDWLWHDQGFDOFLXPSKRVSKDWHLQDFRPSOH[
FRPSRXQGFRXOG LQGLFDWHGHK\GURO\VLVDQGGRPLQDQFHRI
XQVWDEOHDSDWLWHSKDVHVLQH[SHULPHQWDOGXVWHGHGHQWXORXV
ULGJHVLWH
Conclusion
7KLVVWXG\KDVVKRZQGLIIHUHQWRVWHRSRURWLFGHJUDGD
WLRQOHYHOVRIFRUWLFDOPDWUL[DQGFDQFHOORXVSDUWVRIHGHQ
WXORXVPDQGLEOH
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